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Abstract. Particulate matter (PM) in animal feeding operations is a concern for the occupants and 
the surrounding community. Baseline measurements of the concentration and emission rate of PM 
are the first step toward assessing the environmental impact of animal feeding operation and 
evaluating the effectiveness of dust control strategies. This study presents the results of the PM 
measurement at a high-rise layer house in central Iowa. The average PM10 emission rate over the 9-
month measurement period was 21.6 (±10 S.D.) mg/bird/day. Comparing with the emission rates 
reported literature, the mean and range of PM10 emission from high-rise layer hen barns using cage 
systems were 33.5 and 19-48 mg/bird/day. The average PM2.5 emission rate over the measurement 
period was 2 (± 1.5 S.D.) mg/bird/day, which is less than literature values of 3.52-14.2 mg/bird/day. 
Keywords. Particulate matter, poultry, layer house. 
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Introduction 
Particulate matter (PM) in/from animal barns is a concern for the occupants inside and the 
surrounding community outside. The adsorbed odorants and bacteria that concentrate on the 
PM pose potential health hazards and environmental contamination. Baseline measurements of 
the concentration and emission rate of PM are the first step toward assessing the environmental 
impact of confined animal feeding operation and evaluating the effectiveness of dust control 
strategies. Limited data on PM from confined poultry operations are reported in literature and 
there exist large differences among the reported values, possibly due to different measurement 
techniques used, different housing systems, and different manure/litter management practices. 
This paper reports the results from a nine-month PM measurement in a layer barn located in 
central Iowa. The emission rate is compared with literature values. 
Literature review 
PM comes in a spectrum of sizes and infinite types of shapes. Based on their sizes, particles 
can be categorized into different groups. PM10 refers to the particles with aerodynamic 
equivalent diameter smaller than 10 µm. PM2.5 is those particles with aerodynamic equivalent 
diameter smaller than 2.5 µm.  These are terms used mostly in studies conducted in U.S. The 
European studies generally report PM as respirable and inhalable particles. Inhalable particles 
refer to those smaller than 100 µm and respirable particles are those smaller than 4 µm. Further 
details on particle size categories can be found in Zhang (2005).  
Various techniques have been used in measuring the PM concentration. Gravimetric filtration is 
the most common method used in the early PM studies of livestock building environment. The 
principle of this method is to pump air samples through a filter and  collect the dust on the filter. 
Dust concentration can be calculated given the airflow rate and mass gain on the filter. Another 
method, tapered element oscillating microbalance (TEOM), collects dust on a filter which is 
attached to oscillating element. The element oscillates at a frequency depending on the mass of 
the element, as governed by the law of spring-mass system. The oscillation frequency can be 
readily measured with an electronic counter. Particle concentration can also be measured with 
various optical methods based on light scattering and attenuation. Some of the early studies 
reported dust concentration as particle number per unit volume (e,g. Glennon et al,1989; 
McQuitty et al 1985;  van Wicklen et al, 1988; van Wicklen and Allision, 1989; Yoder and 
Wicklen,1988; Nakaue et al,1981), therefore it is difficult to compare the results of these studies 
with recent studies that report PM concentration as  mass per unit volume. 
Measurement of PM in poultry production facilities started from 1980s. Several reviews were 
made of PM measurement in poultry houses (Auvermann et al, 2006; Ellen et al, 2000; CIGC, 
1994; Pearson and Sharples, 1995). The measurement in early years focused on PM 
concentration inside the poultry houses because the indoor environment is worst and is 
therefore the primary concern. Recently people started to realize that besides the health hazard 
PM posed to the occupants inside animal buildings, the PM emitted to the outside could no 
longer be neglected due to the deterioration it caused in the surrounding environment. Those  
tiny particles drift much further than people normally think. However, the measurement data on 
PM emissions from poultry facilities are still scant.  
Different production systems are used to raise egg-laying hens. Hens are raised either in 1) 
cages that are arranged in multiple tiers; 2) perchery systems where hens have access to 
several tiers of platforms for their natural activities and nesting space for laying eggs; or 3) free 
range system where hens have access to outdoor space  in addition to the amenities in the 
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perchery systems. Since a major source of PM is from chickens’ natural activities and their 
activities levels vary in these production systems, different PM concentration levels and 
emission rates are expected from these production systems given the same conditions of other 
factors. 
Listed in Table 1 are the experimental conditions and measurements of some previous studies 
on PM emission and concentration in laying hen houses. The experimental conditions include 
study location, production systems, bird age and weight ranges, manure removal interval, and 
ventilation system used. Measurement includes ventilation rate, PM concentration, 
measurement duration/period and frequency. The most common production systems used is 
cage production, while perchery system was used in few studies.   Mechanical ventilation 
system was exclusively used in the studies, possibly because it is easier to determine 
ventilation rate than natural ventilation system. As for PM concentration measurement, 
gravimetric filter was the common technique used in the early studies, while TEOM technique is 
increasingly used in recent studies, making continuous measurement possible and less 
onerous.  
Table 2 lists the reported values for PM emissions and concentrations. The emission rates of 
total suspended particle (TSP)/inhalable dust range from 11-74 g/AU/day for all studies (AU: 
animal unit=500 kg live body weight). The highest value of TSP/inhalable dust emission (74 
g/AU/day) occurred in a perchery system (Takai et al, 1998). The value for another perchery 
system is 42 g/AU/day (Waches et al, 1997). Expressed on a per bird basis, the emission rate of 
TSP/inhalable dust for perchery systems is 0.168-0.3 g/bird/day; the emission rate for cage 
systems is 0.044-0.2 g/bird/day. For PM10/respirable dust, the range of emission rate is 1.9-16 
g/AU/day. The values for perchery systems are 5.4 (Waches et al, 1997) and 14.3 g/AU/day 
(Takai et al, 1998). For PM 2.5, the range of emission rate is 1.1-4.73 g/AU/day.  
PM Concentration varies with ventilation rate if emission rate remain constant. Since ventilation 
rate changes diurnally and seasonally, PM concentration changes accordingly and the variation 
is significant. Table 2 shows that the concentration of TSP/inhalable dust ranges from 075 to 
8.78 mg/m3; the concentration of PM10/respirable dust ranges from 0.03-8.1 mg/m3; the 
concentration of PM2.5 ranges from 0.033 to 0.039 mg/m3. 
Tables 3 and 4 list the experimental conditions and results of PM concentration and emissions 
from broiler and turkey barns. Because the weight of broilers changes with time and emission 
rate changes accordingly, the emission is reported as accumulated emissions for each bird over 
its production cycle. The emission of TSP ranged from 6 to 18.7g per marketed bird; the 
emission of PM10 ranges from 0.56 to 2.52 g per marketed bird; the emission of PM2.5 ranges 
from 130-250 mg per marketed bird. 
Some of conclusions drawn from previous studies are summarized as follows:  
 PM concentration and emission rate increase with bird weight and age (Martensson and 
Pehrson, 1997).  
 PM concentration and emission rate increase with bird activity; since hens are more 
active during the day than night, PM concentration and emission rate is generally higher 
during the day than night (Lim et al, 2003).  
 Emission rate during winter is generally lower than summer, however, PM concentration 
is higher in winter than summer (Wathes et al, 1997; Takai et al, 1998).  
 Perchery systems usually generate higher PM concentration and emission rate then 
cage systems (Takai et al, 1998; Wathes et al, 1998).  
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 PM emission from house source is greater when manure is stored in in-house deep-pits 
than using moving belts (Fabbri et al, 2007).  
 Extraordinarily high concentration of PM is generated by some daily operations and 
management such as house cleaning, feeding conveying, and disturbance of birds 
caused by workers (Guarina et al, 1999).  
Poultry farms usually bear the image of being dusty in the eyes of the public; however, limited 
PM emission data from poultry farms have been reported. In light of this, PM measurement 
device was added to an existing measurement system for a project sponsored by USDA-NRCS 
to demonstrate the emission reduction by dietary manipulations. The objective of this paper 
were to report the PM the PM measurement results covering the period of July 2008 to April 
2009 and to compare the results of this study with literature values.  
Materials and Methods 
This PM-monitoring study was conducted on a laying hen farm in central Iowa. The original 
project involved three side-by-side identical high-rise layer houses (27.4m W x 180.4m L each) 
and each received a different diet (one control or standard diet and two experimental diets). The 
house (middle one of the three) with the control diet was monitored for PM emissions. The east-
west oriented high-rise house had in-house manure storage, a cage level and an attic. The 
house was equipped with 72 exhaust fans installed on the north and south side walls of the 
manure storage level. A vertical evaporative pad was installed on the north roof and the pad 
served as the ventilation inlet. Baffles on the ceiling were controlled automatically to regulate the 
barn static pressure (fig. 1).  
The number of laying hens (Hy-Line W-36 variety) housed in the barns was 248814 from the 
beginning of the PM monitoring (July 12, 2008) and decreased to 233868 as of this report time 
(April 18, 2009). To simplify the calculation, an average of hen number 241709 was assumed 
and used to calculate the per-bird emission rate. The age of the hens was from 50-90 weeks 
with the corresponding weight of 1.56 kg 1.34 kg and the average of 1.45 kg. 
 
Figure 1. Sketch of the monitored laying-hen barn and layout of instruments. 
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Two TEOM PM monitors (1400a, Rupprecht & Patashnick Co., Inc., Albany, NY) were placed 
downstream of one of the exhaust fans on the south sidewall (fig.1). One of the TEOM monitors 
measured PM10 concentration and the other measured PM2.5 concentration. The 
concentrations were reported under the standard conditions of temperature (0 oC) and pressure 
(1 Atmosphere). A wooden shelter/extension was built to protect the monitors from weather and 
to direct the airflow. Each TEOM monitor consists of a sensor unit, control unit and sample inlet. 
The size of PM being measured depends on the sample inlet being used. The sampling interval 
was set as 30 seconds. The filters in the sensor units were replaced and the sampling inlets 
were cleaned weekly. Due to the accumulation of dust on the sampling inlet net and the balance 
filter, only data within three days of each filter replacement were considered valid and used in 
the data analysis.  
Four thermocouples were placed a four locations in the manure storage pit to measure air 
temperatures, the average of which was assumed to be indoor air temperature. A RH sensor 
(Model HMW60U, Vaisala, Helsinki, Finland) was placed in the center of the house to measure 
relative humidity. A barometric (Model WE100, Global Water Instrumentation Inc., Gold River, 
CA) pressure sensor was used to measure the ambient atmospheric pressure.  
The seventy two exhaust fans were grouped into seven stages. The cumulative ventilation rates 
from low to high stages accounted for 21%, 41%, 56%, 73%, 88%, 98% and 100% of the full 
ventilation capacity. Each stage of fans was temperature controlled and monitored with two 
current switches (Muhlbauer et al, 2006)). Static pressure sensors were mounted on the 
supporting beams near both sidewalls, with the high pressure terminal tubing extended to the 
outside of an exhaust fan. Fan calibration was performed in-situ using fan assessment 
numeration systems (FANS) units to develop the ventilation rate vs static pressure curves 
(Gates et al, 2004). These curves were used to calculate the barn ventilation rate based on the 
working status of individual fans and the building static pressures. 
The PM emission rate was calculated using the following equation: 
6273.15 10
273.15 101325pm pm i
PER Q C
t
−= ⋅ ⋅ ⋅ ⋅+  
where ERpm is the emission rate, g/s; Q is the ventilation rate, m3/s; Cpm is the concentration of 
particulate matter, µg/m3; ti is the indoor air temperature, oC; P is the atmospheric pressure, Pa. 
As indicated by the ER equation, the background PM concentration was omitted from the 
calculation. This omission would lead to slight overestimation of PM emission.  
Results and discussion 
Environmental conditions 
Environmental conditions inside the barn, especially relative humidity (RH), are regarded as an 
important factor that affects the PM generation (CIGC, 1994). Over the monitoring period, the 
daily average air temperature inside the barn ranged from 19.2 to 27.0 oC with the average of 
22.3 oC. The corresponding daily average RH ranged from 38% to 71% with the average of 
53%.  
PM concentration 
The daily average concentrations of PM10 and PM2.5 are shown in Figure 2. The PM10 
concentration ranged from 91 to 873 µg/m3, with an overall average of 283 µg/m3 and standard 
deviation of 165 µg/m3. The concentration of PM2.5 ranged from 7 to 124 µg/m3 with an  
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average of 25 µg/m3 and standard deviation of 20 µg/m3. The concentrations of PM10 and 
PM2.5 rose rapidly during October 2008, as the ventilation rate decreased in response to 
decreasing outside air temperature (fig. 3).  
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Figure 2 Daily average concentration of PM10 and PM2.5 in the exhaust air of a high-rise layer 
barn 
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Figure 3 Daily average ventilation rate of the layer barn during PM monitoring. 
 
The instaneous concentrations for PM10 and PM2.5 for a selected day ( March 5, 2009) are 
presented in Figure 4 to show the typical diurnal patterns of PM concentraions. The first obvious 
pattern is that the concentrations were higher when during the day or light time than night or 
dark time. The lights were switched on at 4 AM and switched off at 8 PM. The second pattern is 
that several spikes of PM concentration occurred at 3:00, 8:45 and 13:45. Those spikes might 
have been caused by feeding activities, manure scraping, housing cleaning. 
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Figure 4 Diurnal patterns of PM10 and PM2.5 concentrations in exhaust air of a layer house for 
a typical day.  
PM emission rate (ER) 
The daily ER of PM10 from July 12, 2008 to April 18, 2009 is shown in Figure 5. The ER ranged 
from 6.2 to 40.9 mg/bird/day averaging at 21.6 mg/bird/day with a standard deviation (SD) of 10 
mg/bird/day. . The emissions during period of July-October tended to be higher than those 
during the period of February-April.  
The daily ER of PM2.5 is shown in Figure 5. The emission rate ranged from 0.6 to 6.1 
mg/bird/day  averaging 2.0 mg/bird/day with a SD of 1.5 mg/bird/day. It should be noted that the 
average ER of PM2.5 was about one tenth of that for PM10 (2.0 vs 21.6 mg/bird/day).  
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Figure 5 Emission rates of PM10 and PM2.5 from a high-rise layer barn in central Iowa. 
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Comparison of this study with those in literature  
The PM10 ER values in the literature and of this current study are shown in Figure 6. The 
emission rates from two European studies (Takai et al, 1998; Wathes et al, 1997) were lower 
than rest of the studies probably because 1) the particulate concentration was reported as 
respirable dust with the cut size of 4 µm, which lower than 10µm. If the concentrations and 
emission rates were scaled up with a factor derived from a known particle size distribution (e.g. 
Roumeliotis et al, 2007), the emission rates from these two studies would be closer to others; 2) 
the values were derived from sporadic measurement taken at different barns for a very short 
period (2days) therefore the two values would be inadequate as seasonal emission factors. It 
should be noted that the measurement taken by Lim et al (2003) was also for a short a period 
(7days) during early summer, so the given emission rate tends to overestimate the seasonal 
emission rate. 
The PM10 emission from this study is also lower than others except two European values that 
corresponded to manure-belt systems (Fabbri et al, 2008; Zhao et al, 2005). When the two 
European values were excluded, the average PM10 emission from various studies is 37 
mg/bird/day for caged hen barns with in-house manure storage; 19.5 mg/bird/day for caged hen 
barns with manure belts. When the value from Lim et al (2003) were also excluded, the average 
PM10 emission is 33.5 mg/bird/day for caged hen barns with in-house manure storage. 
 
Figure 6 Comparision of PM10 emission rate from previous studies with current study. 
 
PM2.5 emission data are more scarce. The values from three studies are 3.52 mg/bird/day (Lim 
et al, 2003), 14.2 mg/bir/day for the barn with in-house manure storage  and 6.2 mg/bird/day for 
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the barn with manure belt (Farribi et al, 2008). The current study gives PM2.5 emission of 2.0 
mg/bird/day. It is difficult to judge which study provides the most representative data, but these 
values at least give a range of PM2.5 emission (2-14 mg/bird/day) that can be expected for 
laying hen barns. Based on our measurement, PM2.5 emission is approximately 1/10 of PM10 
emission. If this relationship applies universally, and the PM10 emission rate given above 
(33.5mg/bird/day) is a reasonable value, an emission rate of 3.4 mg/bird/day can be regarded 
as a reasonable average. However, more data are needed to make an estimation with 
confidence if these values are used for regulatory purposes. 
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Table 1 Production and measurement conditions of studies on PM concentrations and emissions and concentrations in laying-hen 
houses 
Study 
no. reference Location of study 
Production 
system 
Bird age and 
weight range 
Vent. 
mode 
Manure 
removal 
freq. 
PM 
measurement 
Ventilation 
measurement 
Measurement 
duration 
Measurement 
frequency 
1 Takai et al (1998)a North Europe perchery - - - GF tracer gas 2 d intermittentb1 
2 Takai et al (1998)a North Europe caged -  - - GF tracer gas 2 d intermittentb2 
3 Wathes et al (1997)a UK perchery 29-69 wk, 1.82-2.3kg MV - GF tracer gas  2 d intermittent
b3 
4 Wathes et al (1997)a UK caged 18-69 wk, 1.94-2.18kg MV - GF tracer gas 
2 d 
 intermittent
b3 
5 Lim et al (2003) Indiana, U.S. caged 1.6 kg MV 1 yr TEOM fan status 6 d continuous 
6 Fabbri et al (2008) Italy caged - MV 2 yr GF&optical fan status /RPM sensor 1 yr continuous 
7 Fabbri et al (2008) Italy caged - MV 3-4 d GF&optical fan status /RPM sensor 1 yr continuous 
8 Qi et al (1992)a Pennsylvania ,U.S. caged 217-413days MV - - - 10 mo (Jun.-Mar.) intermittent b4 
9 Lim et al (2007) Ohio, U.S. caged 1.65 kg MV 1 yr TEOM fan status 10 mo (Apr.-Jan.) continuous 
10 Martensson and Pehrson (1999) Sweden caged 3-16 wk MV 3 d GF - 
~4 mo (Aug.-Sept. 
& Dec.-Mar.) intermittent
b5 
11 Martensson and Pehrson (1999) Sweden perchery 3-16 wk MV 3 d GF - 
~4mo (Aug.-Sept. 
& Dec.-Mar.) intermittent
b5 
12 Guarino et al (1999)a Italy caged 34-42 wk MV - GF - 3 mo (Apr.-Jun.) intermittentb6 
13 Heber et al (2006) Indiana, U.S. caged - MV 24-30 mo TEOM fan status 15 mo continuous 
14 Davis and Morishita (2005) Ohio, U.S. caged - MV - optical - 9 wk intermittent
b7 
15 Zhao et al (2006) Ohio, U.S. caged - MV 1-7 d TEOM fan status 6 mo continuous 
16 Vucemilo et al (2007) Croatia, Europe caged - - - GF - Winter intermittentb8 
17 this study Iowa, U.S. caged 50-90 wk MV ~1 yr TEOM Calibrated fan running status 9 mo continuous 
a: inhalable and respirable fractions of PM were measured and reported; b1: twenty two buildings surveyed, each measured over a summer day and winter day; b1: twenty six buildings surveyed , each 
measured over a summer day and winter day;b3: four buildings surveyed, each measured over a summer day and a winter day; b4: one day per week; b5: three-four  times a day; b6: three times a day, 
5day each week, a week for each month; b7: once a week; b8: fifteen times a day; GF: gravimetric filtration. TEOM: Tapered element oscillating microbalance.  MV: mechanical ventilation. NV: natural 
ventilation. 
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Table 2 Particulate matter emissions and concentrations of laying-hen houses reported in literature 
 
 Emission Concentration 
Study 
no. 
TSP/inhalable 
(g/AU/day) 
TSP/inhalable 
(mg/bird/day) 
PM10/respirable 
(g/AU/day) 
PM10/respirable 
(mg/bird/day) 
PM2.5 
(g/AU/day) 
PM2.5 
(mg/bird/day) 
TSP/inhalable 
(mg/m3) 
PM10/respirable 
(mg/m3) 
PM2.5 
(mg/m3) 
1b 74 300 14.30 57a  -  - 2.19-8.78 0.35-1.26  - 
2 15 60 1.90 8a  -  - 0.75-1.64 0.03-0.23  - 
3b 44 168 5.40 22  -  - 2.80 0.40  - 
4 22 80 3.50 14  - -  1.70 0.27  - 
5 63 202 16.00 51 1.10 3.52 1.89 0.518 0.039 
6  -  - 16.00 48 4.73 14.20  - -   - 
7  - -  4.44 19 1.45 6.20  -  -  - 
8 11a 44 8.00a 32  -  - -   - -  
9 44.5 147 9.20 32.5c  -  - 2.37 0.565  - 
10 - - - - - - 2.5 (1.0-3.6) 1.0 (0.3-1.3)  - 
11b - - - - - - 5.3 (2.8-8.1) 1.1 (0.5-2.2)  - 
12 - - - - - - 1.58 0.28  - 
13 -  - 3202 -  -  -  1.44 0.553 0.033 
14 - - - - - -  - <2.00  - 
15 - 168 - 20 - - 2.9 (1.6-4.0) 0.265 - 
16 - - - - - - 1.6-2.8  -  - 
17 - - 7.45 21.6 0.69 2.0 - 0.283 0.025 
a:  bird weight assumed as 2 kg; b: perchery systems; c: average of pm emission  from two houses 
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Table 3 Production and measurement conditions of the studies on PM concentration and emissions of broiler/turkey houses 
 
Study 
no. reference 
Location of 
study 
Production 
system 
Bird age and 
weight range 
Vent. 
mode 
Manure 
removal 
PM 
measurement  
Ventilation 
rate Measurement duration 
Measurement 
frequency 
1 Takai et al (1998)a North Europe LF - - - GF tracer gas summer and winter, day and night Intermittent 
2 Wathes et al (1997)a U.K. LF 24-35d, 0.95-1.61kg MV - GF tracer gas 
summer and winter, day and 
night Intermittent 
3 Hinz and Linke (1998a,b) North Europe LF 
Marketed  at 
32d, 1.6kg NV - GF anemometer 32 days Intermittent 
4 
Redwine et al (2002) 
Lacey et al (2003) 
Texas, U.S. LF average 1.3 kg over 7wk MV 
every 4/8 
flocks GF fan op. state Jun., Jul., Aug., Dec. Intermittent 
5 Visser et al (2006) Georgia, U.S. LF 24-35d, 1.7kg MV - GF and optical - 14 d of Aug. - 
6 Roumeliotis and heyst (2007) Ontario, Canada LF 
0-6.5wk, 0.05-
2.5kg MV each flock optical 
Alnor 
balometer kit 
b 
Dec.-June Continuous 
7 Burn et al (2008) Kentucky, U.S. LF 0-50 d MV once a yr TEOM fan op. state 2 yr Continuous 
8 Wicklen et al (1989) Georgia, U.S. LF 24-25d, 32-33d MV each flock particle counter modeling May Intermittent 
9 Wicklen et al (1989) Georgia, U.S. LF 24-25d, 32-33d NV each flock particle counter modeling May Intermittent 
10 Ritz et al (2006) Georgia, U.S. LF - - - optical - 7 flocks - 
11 Vucemilo et al (2007) Czech LF 1-6 wk MV - GF - Apr.-May Intermittent 
12 Mitchell et al (2004) Georgia, U.S. Perchery 17-41wk MV once a yr Optical - - Continuous 
13 Li et al (2008)a Iowa, U.S. LF 35-146d, 1.2-18.7 kg MV  TEOM fan op. state 1 yr continuous 
a: turkey barn. b: airflow rate measuring device using multiple air velocity measurement. LF: littered floor; MV: mechanical ventilation; NV: natural ventilation; GF; gravimetric filtration 
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Table 4 Reported values of particulate matter emissions and concentrations of broiler/turkey houses 
 
 Emission Concentration 
Study 
no. 
TSP/inhalable 
(g/AU/day) 
TSP/inhalable 
(g/bird marketed) 
PM10/respirable 
(g/AU/day) 
PM10/respirable 
(g/bird marketed) 
PM2.5 
(g/AU/day) 
PM2.5 (mg/bird 
marketed) 
TSP/inhalable 
(mg/m3) 
PM10/respirable 
(mg/m3) 
PM2.5 
(mg/m3) 
1 95 11.5 12.4 1.5 - - 3.83-10.36 0.42-1.14 - 
2 156 18.72 17.7 2.12 - - 10.1 1.19 - 
3 - - - - - - 1-14 - - 
4 - - 11 1.3 - - 0.74-.25(summer)  2.1-11.4(winter) 6% of TSP - 
5 - - - - - - - 0.0586 - 
6 - - 5.35 0.56 1.13 130 - 0.69 0.19 
7 45.8 6.03 19.58 2.52 1.81 250 - - - 
8 - - - - - - - 0.265-0.323 - 
9 - - - - - - - 0.07 - 
10 - - - - - - 0.63 - - 
11 - - - - - - 1.8-4.8 - - 
12 - - - - - - - 3.75 - 
13 - - 19 40 2 4300 - 1.273 0.162 
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Conclusion 
Concentrations and emission rates of particulate matters (PM10 and PM2.5) for a commercial 
high-rise laying hen house in central Iowa were monitored continuously for 9 month. PM 
concentrations were measured using tapered element oscillating microbalance (TEOM) PM 
monitors. Ventilation rate of the barn was determined by continuously monitoring the runtime of 
in-situ calibrated ventilation fans.  
The PM10 emission rate over the measurement period averaged  21.6 (±10 SD) mg/bird/day. 
Compared with the emission rates reported literature, the mean and range of PM10 emission 
from layer hen barns with hen caged and using deep pit to store manure were 33.5 and 19-48 
mg/bird/day. The average PM2.5 emission rate over the measurement period was 2 (±1.5 SD) 
mg/bird/day, which is less than literature values. 
Acknowledgements 
Close cooperation of the farm crew is a key to success of this study. We acknowledge their 
generous assistance. We also thank the financial support from USDA-NRCS Conservation 
Innovation Grant, which made this study possible.  
References 
Auvermann, B., Bottcher, R., Heber, A., Meyer, D., Parnell, C.B. Jr., Shaw, B., Worley, J. 2006. 
Particulate matter emission from animal feeding operations. In. Animal Agriculture and 
the Environment. National Center for Mature and Animal Waste Management White 
Paper. Eds by Rice, J.M., Carldwell,  D.F., Humenik, F.J. 435-468. St. Joseph, Michigan: 
ASABE publication number 913C0306. 
Burn, R., Li, H., Moody, L., Xin, H., Gates, R., Overhults, D., Earnest, J. 2008. Quantification of 
particulate emissions from broiler houses in the Southeastern United States. In Proc. of 
8th International Livestock Environment Symposium, eds. Gates, R., Moura, D.J. de. St. 
Joseph, Mich.: ASABE. 
Davis, M., Morishita, T.Y. 2005. Relative ammonia concentrations, dust concentrations, and 
presence of Salmonella species and Escherichia coli inside and outside commercial 
layer facilities. Avian Diseases 49: 30-35. 
Ellen, H.H., Bottcher, R.W., Wachenfelt, E.V., Takai, H.2000. Dust levels and control methods in 
poultry houses. J. Agric. Safety and Health 6(4):275-282. 
Fabbri, C., Valli, L., Guarina, M., Costa, A., Mazzotta, V. 2007. Ammonia, methane, nitrous 
oxide and particulate matter emissions from two different buildings for laying hens. 
Biosystems Engineering 97:441-455. 
Gates, R.S., Casey, K.D., Xin, H., Wheeler, E.F., Simmons, J.D. 2004. Fan assessment 
numeration systems (FANS) design and calibration specifications. Transactions of the 
ASABE, 47(5): 1709-1715. 
 15 
CIGC. 1994. Aerial environment in animal housing: Concentration in and emissions from farm 
buildings. Working group report series No 94.1.International Commission of Agricultural 
Engineering. http://www.cigr.org/documents/CIGR-workinggroupreport1994.pdf 
Glennon, C.R., McQuitty, J.B., Clark, P.C., Feddes, J.J.R. 1989. Air quality in pullet barns. 
Canadian  Agric. Engng 31(2): 233-237. 
Guarino, M., Caroli, A., Navarotto, P. 1999. Dust concentration and mortality distribution in an 
enclosed laying house. Trans. ASAE 42(4): 1127-1133.  
Heber, A.J., Ni, J.Q., Lim, T.T., Chervil, R., Tao, P.C., Jacobson, L.D., Hoff, S.J., Zhang, Y., 
Koziel, J., Beasley, D.S., Sweeten, J.M. 2005. Air pollutant emissions from two high-rise 
layer barns in Indiana. Proceeding of the Annual Conference and Exhibition of the Air 
and Waste Management Association, Pittsburgh, PA: AWMA. 
Hinz, T., Linke, S. 1998a. A comprehensive experimental study of aerial pollutions in and 
emissions from livestock buildings. part 1: methods. J. of Agric. Engng Res. 70: 111-118. 
Hinz, T., Linke, S. 1998b. A comprehensive experimental study of aerial pollutions in and 
emissions from livestock buildings. part 2: results. J. of Agric. Engng Res. 70: 119-129. 
Lacey, R.E., Redwine, J.S., Parnell, C.B. Jr. 2003. Particulate matter and ammonia emission 
factors for tunnel-ventilated broiler production houses in the Southern U.S. Trans. 
ASABE 46(4):1203-1214. 
Leonard, J.J., Feddes, J.J.R., McQuitty, J.B. 1984. Air quality in commercial broiler housing. 
Canadian Agric. Engng 26(1): 65-71. 
Li, H., Xin, H., Burns, R., Hoff, S., Harmon, J., Jacobson, L., Noll, S., Koziel, J. 2008. Ammonia 
and PM emissions from a tom turkey barn in Iowa.  ASABE Paper No. 084425. St. 
Joseph, Mich.: ASABE. 
Lim, T.T., Heber, A.J., Ni, J.Q., Gallien, J.X., Xin, H. 2003. Air quality measurement at a laying 
hen house: particulate matter concentration and emissions. In Air Pollution from 
Agricultural Operations III, 249-256.  H. Keener ed., ASABE Publication no. 701P1043, 
St. Joseph, Mich.: ASABE.  
Lim, T.T., Sun,H., Ni, J.Q., Zhao, L., Diehl, C.A., Heber, A.J., Hanni, S.M. 2007. Field tests of a 
particulate impaction curtain on emissions from a high-rise layer barn. Trans. ASABE 
50(5): 1795. 
Martensson, L., Pehrson, C. 1997. Air quality in a multiple tier rearing system for layer type 
pullets. J. Agric. Safety and Health 3(4): 217-228. 
McQuitty, J.B., Feddes, J.J.R., Leonard, J.J. 1985. Air quality in commercial layer barns. 
Canadian Agric. Engng 27(1): 13-19. 
Mitchell, B.W., Richardson, L.J., Wilson, J.L., Hofacre, C.L. 2004. Application of an electrostatic 
space charge system for dust, ammonia, and pathogen reduction in a broiler breeder 
house. Appl. Eng. in Agric. 20(1): 87-93. 
 16 
Muhlbauer, R.V., T. A. Shepherd, H. Li, R.T. Burns, H. Xin. 2006. Development and testing of a 
fan monitoring system using induction operated current switches. ASABE paper no.  
064159, St. Joseph, MI: ASABE. 
Nakaue, H.S., Koelliker, J.K., Buhler, D.R., Arscott, G.H. 1981. Distribution of inorganic 
elements in poultry house dust. Poultry Science 60:1386-1391. 
Pearson, C.C., Sharples, T.J. 1995. Airborne dust concentrations in livestock buildings and the 
effect of feed. J. Agric. Engng Res. 60: 145-154. 
Qi, R., Manbeck, H.B., Maghirang, R.G. 1992. Dust net generation rate in a poultry layer house. 
Trans. ASAE 35(5): 1639-1645. 
Redwine, J.S., Lacey, R.E., Mukhtar, S., Carey, J.B. 2002. Concentration and emissions of 
ammonia and particulate matter in tunnel-ventilated broiler houses under summer 
conditions in Texas. Trans. ASAE 45(4): 1101-1109. 
Ritz, C.W., Mitchell, B.W., Fairchild, B.D., Czarick, M.III, Worley, J.W. 2006. Improving in-house 
air quality in broiler production facilities using an electrostatic space charge system. J. 
Appl. Poult. Res. 15: 333-340. 
Roumelios, T.S., Van Heyst, B.J. 2007. Size fractionated particulate matter emissions from a 
broiler house in Southern Ontario, Canada. Science of the Total Environment 383: 174-
182. 
Takai, H., Pedersen, S., Johnsen, J.O., Metz, J.H.M., Koerkamp, P.W.G.G., Uenk, G.H., 
Phillips, V.R., Holden, M.R., Sneath, R.W., Short, J.L., White, R.P., Hartung, J., Seedorf, 
J., Schroder, M., Linkert, K.H., Wathes,C.M.1998. Concentrations and emissions of 
airborne dust in livestock buildings in Northern Europe. J. Agric. Engng Res. 70: 59-77. 
Van Wicklen, G.L., Yoder, M.F., David, B.D. 1988. Respirable aerosol concentrations in 
enclosed laying houses. Trans. ASAE 31(2): 546-551. 
Van Wichlen, G.L., Allison, J.M. 1989. Aerosol and ammonia concentrations in broiler house 
using mechanical and natural ventilation. J. Agric. Engng Res. 42:97-109. 
Visser, M.C., Fairchild, B., Czarich, M., Lacy, M., Worley, J., Thompson, S., Kastner, J., Ritz, C., 
Naeher, L.P. 2006. Fine particle measurements inside and outside tunnel-ventilated 
broiler houses. J. Appl. Poult. Res. 15: 394-405. 
Vucemilo, M., Katkovic, K., Vinkovic, B., Jaksic, S., Granic, K., Mas, N. 2007. The effect of 
animal age on air pollutant concentration in a broiler house. Czech J. Anim. Sci. 52(6): 
170-174. 
Wathes, C.M., Holden, M.R., Sneath, R.W., White, R.P., Phillips, V.R. 1997. Concentrations and 
emissions rates of aerial ammonia, nitrous oxide, methane, carbon dioxide, dust and 
endotoxin in UK broiler and layer houses. British Poultry Science 38: 14-28. 
Yoder, M.F., Wicklen, G.L.V. 1988. Respirable aerosol generation by broiler chickens. Trans. 
ASAE 51(5): 1510-1517. 
Zhang,Y. 2005. Indoor air quality engineering. CRC press, Boca Raton, FL. 
 17 
Zhao, L., Lim, T., Heber, A.J., Sun, H., Diehl, C.A., Ni, J., Tao, P.C.2005. Particulate Matter 
Emissions from a Ohio belt-battery layer barn. ASABE paper no. 054010. St. Joseph, 
Mich: ASABE. 
 
